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INTRODUCTION

The androgen receptor mediates the biological functions of androgens in gene expression
and is implicated in prostate cancer. Androgen ablation therapy, while effective in early
androgen-dependent stages, nonetheless fails in the androgen-independent stages of
advanced prostate cancer. Although the mechanism for the clinical response to androgen
withdrawal therapy is not clear, androgen-independent progression has been associated
with  mutations or amplification of the androgen receptor gene and activation of
intracellular signal transduction pathways that stimulate the androgen receptor function.
Insights into this problem and a possible therapy for prostate cancer may be gained from
a detailed understanding of the molecular mechanisms by which androgen receptor
activates key target genes in malignant prostate cells. Our hypothesis is (i) that the
transition from androgen-dependent to androgen-independent prostatic cancer involves
alterations in the levels or activities of coactivators that interact physically and/or
functionally with AR to activate genes whose expression contributes to malignancy and
(ii) that an understanding of the nature, regulation and mechanism of action of these
factors can facilitate the development of anti-prostatic cancer therapy. The general
objective is to use completely defined cell-free transcription systems both to identify
novel AR-associated cofactors, isolated by conventional fractionation and/or affinity
methods, and to investigate the mechanism of action of these and previously identified
candidate coactivators. Toward this objective we will (i) investigate purified androgen
receptor and cognate cofactor functions in cell-free transcription systems reconstituted
with general initiation factors and cofactors, wild type and mutant androgen receptors,
and both DNA and chromatin templates, (ii) identify by complementation assays, purify
by affinity methods, and characterize mechanistically additional (co)factors that act in
association with androgen receptor on androgen receptor-activated genes and (iii)
investigate possible changes either in the levels or in the activities (functional
modifications) of these factors (e.g. in response to other signal transduction pathways)
during prostate cancer development. This approach might provide new drug
development insights into targeting the androgen receptor pathway downstream of the
point of ling-receptor interaction. '
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BODY ,
Task 2 To analyze the cofactor requirements and mechanisms of action of AR on chromatin
templates (months 1-12); , ‘

a. purify human core histones from HeLa cells (months 1-6)

b. express and purify NAP1, ACF1 and ISWI (months 1-6)

C. assemble chromatin in vitro (months 6-12) o

d. perform transcription assays on the chromatin template (months 6-12)

We have purified histones from HeLa cells, expressed and purified the chromatin assembling fac-

tors (NAP1, ACF1, and ISWI), and assembled chromatin in vitro (please see the first annual
report for details). We used this system to analyze the roles of p300 and SRC1 in AR-dependent
transcription. A template contains the 5S DNA sequences position nucleosomes flanking over the
E4 core promoter and upstream 3 AR-binding sites (2, 9). Transcription assays were conducted

with the recombinant AR, SRC1, and p300, general transcription factors (TFIIA, TFIIB, TFIID,

TFIIE, TFIIF, TFIIH, Pol II), and cofactor PC4 (9). In this system the AR-dependent transcription

from the DNA template is independent of added SRC1, p300 and acetyl-CoA (Figure 1, lanes 1-
7). Prior assembly of the DNA in chromatin completely repressed the AR-dependent transcription

(lane 9).

DNA template Chromatin template

R18B1 - - - - = - - - - - - - 4 - - 4 - -+
AcetylCoA - - - + - + + = - -+ + = + + - + +

p300 - - - - + 4+ + = = = = = = + + + + + +

SRC1 - - 4+ + = - 4+ = = = = 4+ + = - - + + +

AR + + + + + - 4 + + + + + + + + +

S

>

1 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19

Figure 1. Transcription from DNA versus chromatin templates. The AR activated transcrip-
tion from the DNA template independently of p300 or acetyl CoA (lanes 1-7). Assembly of the
DNA within chromatin completely inhibited transcription in the presence of AR (lane 9). How-
ever, the addition of the combinations of p300, SRC1, acetyl-CoA, and R1881 did not restore the
AR-dependent transcription (lanes 10-19). v :

In contrast to our observations with GALA-VP16-driven transcription (please see the first annual
report for details), the AR-dependent transcription from the chromatin template was not restored
even in the presence of SRC1, p300, acetyl-CoA, and androgen (R1881) (lane 19). We have
noticed that the signal levels of AR-dependent transcription (lane 2) were much weak than that
of Gal4-VP16-driven transcription with the reconstituted system. This may reflect the intrinsic
inhibitory domain existing in the AR (3) (APPENDIX I). Assembly of the DNA template into
chromatin will significantly decrease the transcription signals in general. Therefore, the higher
levels of AR-dependent transcription may be required in order to see the AR-driven transcription
with chromatin template. '
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In order to achieve the higher levels of AR-driven transcription, the future work will be to
include various cofactors such as the Mediator (4, 8) and p44-containing (APPENDIX II)
complexes into the reconstituted system. The resent study has demonstrated that the
ATP-dependent chromatin-remodeling complex (SWI/SNF complex) was required for
AR-driven transcription in vivo (5). The SWI/SNF chromatin-remodeling complex will
also be tested in the reconstituted transcrlptlon system with the chromatin template in the
future.

Task 4 To establish the nontumor prostate and androgen-indenpendent prostate
cancer cell lines that stably expresse a FLA G-tagged androgen receptor
(months 13-24):
a. transfect the cell lines MDA PCa 2b and RWPE-1 with pBabe-neo-
J:AR (months 13-18)
b. select the drug resistant cell line (months 13-18)
c. analyze the drug resistant cell lines (months 19-24)

BPH (non-neoplastic) and PC3 (androgen-
independent tumorigenetic) prostate cell lines are
wildly used and are available from the American
Type Cell Culture (ATCC) (6). They grow well in
the RP11640 medium in tissue culture. In contrast, 8
RWPE-1 (non-neoplastic) and MDA PCa2b
(androgen-independent tumorigenetic) are not :
commonly used and need special medium for their - AR
growth in the tissue culture (1, 7). Therefore, we sl
have chosen BPH and PC3 cells instead of RWPE-
1 and MDA PCa2b cells for the proposed studies.
BPH and PC3 cell lines were transfected with
pBabe-Neo-FLAG:AR and selected with G418, | Figure 2. Establishing the cell
The G418 resistant cell lines were analyzed for the | lines stably expressing the
expression of the FLAG-tagged AR by Western | FLAG-tagged AR. The whole
blot analysis with anti-AR antibody. Two PC3 cell | cell extracts made from the cell
lines (PC3-AR-2 and PC3-AR-9) express the high | lines were analyzed by Western
levels of AR (Figure 2, lanes 3 and 2). Consistent | blot with anti-AR antibody.
with the published observations (10), we found '
that the PC3 cells expressing ectopic AR grow slower and have the higher apoptotic rate
than the parent PC3 cells (data not shown). At the same time and under the same
conditions, we did not obtained any BPH cell line expressing the ectopic FLAG-tagged
AR. This indicated that AR might inhibit the growth of BPH cells. This is consistent
with our resent observations that the expression of AR in the primary prostate epithelial
cells was lost after growing in the tissue culture for two weeks (data not shown).
Currently, we are using the Tet-inducible system (Clonetech) to express the FLAG-
tagged AR in BPH cells. The AR-containing complexes will be immunopurified from
cytoplasmic or nuclear extracts made from these cell lines growing in the presence or in
the absence of the synthetic androgen R1881.

PC3-AR-2

2 3
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Task 5 Purifi catton and peptide sequence analys:s of f:AR-associated protems
(months 13-24):
a. grow f:AR-LNCaP cell line (months 13-24) :
b. make nuclear and cytoplasmic extracts from f:AR-LNCaP cells
(months 13-24)
c. analyze sequences of the f:AR-associated polypeptides (months 18-24)

The large amounts of the f:AR-containing complexes were purified from the nuclear
extracts made from the f:AR-LNCaP cells. The AR-associated polypeptide (44 kDa)
was submitted for peptide sequence analysis by mass spectrometric techniques (please
see APPENDIX II for details). :

Task 6  Cognate cDNA cloning, recombinant protein expression and antibody
production (months 25-36):
a. clone cognate cDNA of the f:AR-associated polypeptzdes (months 25-
30)
b. express and purify the f:AR-associated polypeptides (months 25-30)
c¢. make polyclonal antibodies against the f:AR-associated polypeptides
(months 25-30) :

Based on peptide sequence information we have cloned the cognate cDNA encoding a
44-kDa protein. The recombinant protein (p44) was expressed in and purified from
bacteria. The antibody against this protein has been produced for a variety of physical
and functional studies (please see APPENDIX II for details).

Task 7  Functional analysis of f:AR-associated proteins (months 30-36):

a. perform in vitro transcription assays with the f:AR-associated
polypeptides (months 30-36)

b. perform western blotting analysis of the f: AR-assoczated polypeptzdes
(months 30-36)

c. perform in vivo transient transfectzon analysis with the f:AR-

associated
polypeptides (months 30-36)

P44 interacts with AR in the nucleus and with an androgen-regulated homeobox protein
(NKX3.1) in the cytoplasm of LNCaP cells. Transient transfection assay revealed that
p44 enhances AR-, glucocorticoid receptor-, and progesterone receptor-dependent -
transcription but not estrogen receptor- or thyroid hormone receptor-dependent -
transcription. P44 was recruited onto the promoter of the prostate-specific antigen gene
in the presence of the androgen in LNCaP cells. P44 exists as a multiprotein complex in
the nucleus of HeLa cells. This complex, but not p44 alone, enhances AR-driven
transcription in vitro in a cell-free transcriptional system and contains the protein arginine
methyltransferase 5 (PRMTS5), which acts synergistically with p44 to enhance AR-driven
gene expression in a methyltransferase-independent manner. Our data suggest that a
7
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novel mechanism by which the protein arginine methyltransferase is involved in the
control of AR-driven transcription (please see APPENDIX II for details).

Task 8 Cell specificity and function of fAR-associated cofactors (months 30-36):
a. perform Western blotting analysis (months 30-36)
b. perform in situ hybridization with prostate cancer samples
(months 30-36) '

‘Related to Task 8, we studied the p44 expression by quantitative in situ RNA
hybridization in 44 primary prostate cancers with different degree of differentiation.
Our results revealed that p44 expression is dramatically enhanced in prostate cancer
tissue when compared with adjacent benign prostate tissue (please see APPENDIX II for

details).




KEY RESEARCH ACCOMPLISHMENTS
1. Purification, identification and cloning of a novel cofactor (p44) that enhances the
AR-dependent transcription both in vitro and in vivo. 4 '
2. Found the enhanced expression of p44 in most of the primary prostate cancer tissues,
indicating that p44 may play important roles in prostate tumorigenesis.

REPORTABLE OUTCOMES - . :
A manuscript (Appendix II) has been accepted for publication in Molecular and cellular

Biology.

CONCLUSIONS
We still have some problems related to task 2 (transcription with the chromatin -

template) and have partially finished task 4. We have focused our efforts on the
purification, identification, and cloning of the AR-associated polypeptides (tasks 5 to
7) during the last year (July 1, 2002 to June 30, 2003). The results obtained from
these studies have been included in the paper published on Molecular and Cellular
Biology (Appendix II). Further studies will be focused on tasks 2 and 4 and on the
mechanism of p44 action in prostate tumorigenesis and prostate cancer growth.
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The androgen receptor (AR) is a ligand-regulated and
sequence-specific transcription factor that activates or
represses expression of target genes. Here, we show that
the N terminus of AR contains an inhibitory domain
located in an 81-amino acid segment lying upstream of
the DNA-binding domain (DBD). The inhibitory domain
interacted directly with DBD and repressed DBD bind-
ing to the androgen response element. Mutations of the
conserved amino acid residues (K520E and R538E)
within the inhibitory domain decreased its inhibiting
ability in vitro and increased AR trans-activation in
vivo. These data demonstrate the existence of a novel
inhibitory domain in the N-terminal part of AR, which
might play important roles in the regulation of AR
trans-activation.

The androgen receptor (AR)! mediates androgen functions in
the differentiation and maturation of the male reproductive
organs and in the development of male secondary sex charac-
teristics (1). Mutations in the AR gene are associated with the
androgen insensitivity syndrome (2, 3). Numerous somatic mu-
tations in the AR gene have been reported among prostate
cancer patients and as well as in prostate cancer cell lines and
xenografts (3, 4). Most of these mutations have been detected in
tumor tissues of late-stage prostate carcinoma, indicating that
somatic mutation of the AR gene might be involved in the
progression and aggressiveness of prostate cancer.

The AR is a member of the nuclear receptor superfamily (5).
These receptors are characterized by distinct functional do-
mains: an N-terminal part involved in ligand-independent
transcription activation (AF1), a DNA-binding domain (DBD),
and a C-terminal ligand-binding domain involved in ligand
binding and ligand-dependent transcription activation (AF2)
(6). As for other steroid receptors, ligand binding is generally
believed to result in a conformational charge in AR with con-

* This work was supported in part by U. S. Department of the Army
Grant DAMS17-01-1-0097, the Association for the Cure of Cancer of the
Prostate, and Cancer Center Support Core Grant CA16672 from NCI,
National Institutes of Health. The costs of publication of this article
were defrayed in part by the payment of page charges. This article must
therefore be hereby marked “advertisement” in accordance with 18
U.S.C. Section 1734 solely to indicate this fact.

i Present address: Dept. of Infectious Diseases, XiangYa Hospital,
Central-South University, Chang Sha 410008, People’s Republic of
China.

§ To whom correspondence should be addressed: Dept. of Cancer
Biology, Unit 173, The University of Texas M. D. Anderson Cancer
Center, 1515 Holcombe Blvd., Houston, TX 77030-4009. Tel.: 713-794-
1035; Fax: 713-792-8747; E-mail: zhenwang@mdanderson.org.

1The abbreviations used are: AR, androgen receptor; AF, transcrip-
tion activation; DBD, DNA-binding domain; ARE, androgen response
element; GR, glucocorticoid receptor; GST, glutathione S-transferase;
Luc, luciferase; ID, inhibitory domain.
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sequent dissociation of heat shock proteins/chaperones (7),
dimerization, and binding to cognate androgen response ele-
ments (AREs) in target genes and (through its AF1 and AF2
domains) interactions with various coactivators that facilitate
transcription by the general transcriptional machinery (8). The
DBD encompasses two zinc finger-like modules and binds as
dimers to two hexameric sequences orientated as direct or
inverted repeats (9, 10). Although the DBD and the ligand-
binding domain of steroid hormone receptors are highly con-
served, there is much less homology among steroid hormone
receptors in their N-terminal parts. The AR has a long N-
terminal part with a strong autonomous AF1 and interacts
directly with AF2 in the C-terminal part (11, 12). The N- and
C-terminal interactions are important for androgen-induced
gene regulation, and disruption of these interactions may be
linked to androgen insensitivity syndrome (13, 14). The con-
served FXXLF and WXXLF motifs within the N-terminal part
seem to be involved in pairwise interactions between AF1 and
AF?2 (15). The N-terminal part contains stretches of glutamines
(coded by CAG) and glycine (coded by GGN) (16). Expansion of
the CAG repeats is associated with X-linked spinal and bulbar
muscular atrophy (17). A shorter CAG repeat is associated with
an increased trans-activation of AR (18, 19), but the biological
role of GGN repeats is less clear.

In this study, we demonstrated that AR contains a highly
conserved inhibitory domain within the N-terminal region. The
inhibitory domain interacted directly with DBD and inhibited
the DBD-DNA interactions. The mutations in the inhibitory
domain resulted in decreased inhibitory ability and increased
AR trans-activation activity, indicating that this domain might
play important roles in the regulation of AR function.

EXPERIMENTAL PROCEDURES

Production and Purification of Recombinant Proteins—The human
full-length AR was expressed in Sf9 cells via the baculovirus expression
vector pVL1393 (BD Biosciences), and the recombinant AR was purified
as described previously (20). All of the AR and glucocorticoid receptor
(GR) cDNA fragments were amplified by PCR with specific oligonucleo-
tides, cut with Ndel and BamHI, and subsequently cloned in the cor-

" responding restriction sites of the vectors pET15d (Novagen), pGEX-

2TL (Amersham Biosciences), and pcDNA3.1 (Invitrogen). The
fragments were expressed as Hisg-tagged (via pET15d) or GST fusion
(via pGEX-2TL) proteins in Escherichia coli BL21 and purified through
nitrilotriacetic acid Ni2*-agarose or glutathione-Sepharose columns,
respectively. Point mutations were generated by using the QuikChange
site-directed mutagenesis kit (Stratagene) following the manufacturer’s
instructions and confirmed by DNA sequencing analysis. The mutated
proteins were expressed and purified similarly.

Gel Shift Assay—Two pairs of oligomers (5'-AGCTTTTGCAGAACA-
GCAAGTGCTAGCTG-3' and 5-AAATTCAGCTAGCACTTGCTGTTC-
TGCAA-3'; 5'-AGCTTTTGCAGAATAGCAAATGCTAGCTG-3' and 5'-
AAATTCAGCTAGCATTTGCTATTCTGCAA-3') derived from the
prostate-specific antigen gene (—152 to —174) were synthesized, an-
nealed, and subcloned into HindIII and EcoRI sites of the vector pBlue-

This paper is available on line at http://www.jbc.org
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script II (Stratagene). The underlined bases were mutated from their
corresponding bases in the wild-type prostate-specific antigen gene
sequence. The wild-type and mutant ARE probes were made by cutting
these constructs with Xkol and Xbal and purification of fragments from
agarose gel. Probes were labeled with [¢->?P]dCTP by a fill-in reaction
with the Klenow enzyme. In gel shift assays, 20-ul reaction contains 20
mM HEPES, pH 7.9, 70 mM KCl, 1 pg of poly(d1-dC), 1 mm dithiothreitol,
0.1% Nonidet P-40, 100 ug/ml of bovine serum albumin, and various
proteins. The reaction mixture was incubated for 20 min at room tem-
perature, and the binding reaction was initiated by the addition of the
labeled probes (20,000 cpm) and then incubated for an additional 30
min at room temperature. The reaction mixture was loaded directly
onto a 4% (37.5:1, acrylamide:bisacrylamide) nondenaturing polyacryl-
amide gel with 0.25% Tris borate EDTA and run at 150 V for 2 h at room
temperature.

Cell Culture and DNA Transfection—PC3 cells were cultured in
RPMI 1640 medium containing 10% fetal bovine serum. Cells (5 X 10%)
were plated in each well of 24-well plates and transfected with 100 ng
of 4xARE-E4-Luc reporter plasmid, 2.5 ng of control plasmid pRL-CMV,
and various amounts of expression plasmids. Cells were grown in the
presence of 10 nM R1881 for 48 h after transfection and harvested for
dual-luciferase activity assay (Promega).

Protein-Protein Pull-down Assay—GST and GST-DBD(AR537—644)
were expressed in bacteria and immobilized on glutathione-Sepharose
beads. Beads (10 pl) containing 100 ng of GST or GST-DBD proteins
were incubated with 5 pl of transcription and translation coupled rabbit
reticulocyte lysates containing 3°S-labeled AR477-538 in BC150, 0.1%
Nonidet P-40 for 2 h at 4 °C. After being washed with the incubation
buffer, beads were boiled with SDS sample buffer and subjected to
SDS-PAGE followed by autoradiography.

RESULTS

The Full-length AR Interacts with the Androgen Response
Element More Weakly than the DNA-binding Domain—The
ligand-dependent interaction of AR with the ARE has been
demonstrated in vitro with crude AR-containing cell extracts
(21). However, the AR-DNA interactions have not been studied
with the highly purified recombinant AR. To this end, the
FLAG epitope-tagged human AR was expressed in Sf9 cells and
immunopurified under high salt conditions (500 mm KC) to
strip off heat shock proteins associated with the unliganded
AR. The recombinant AR preparation is near homogeneity (Fig.
1B, lanes 2 and 3) and contains two bands that migrated near
the 110-kDa position. The top band might be the phosphoryl-
ated form of AR (22). Two minor polypeptides (70 and 55 kDa,
indicated by stars on the right) were recognized by the anti-
FLAG monoclonal antibody (data not shown), indicating that
they are degraded products of the full-length AR. A DNA probe
containing the ARE derived from the prostate-specific antigen
promoter (—152 to —174) (Fig. 1D) (23) was used for a gel shift
assay. The recombinant AR (0.9 pmol) shifted the probe (Fig.
1C, lane 2) while there was no ligand (androgen) dependence
(lane 3 versus lane 2). The band of the AR-ARE complex (indi-
cated by an arrow on the left) is quite broad. However, muta-
tions of the nucleotides in the probe that are critical for AR-
ARE interaction (24) (Fig. 1D) dramatically decreased the
density of the AR-ARE band (Fig. 1C, lanes 7 and 8 versus lanes
2 and 3), indicating that the shifted band is specific. The DBD
of AR (amino acid residues 537-644) (Fig. 14) was expressed as
a Hisg-tagged fusion protein and purified through an nitrilotri-
acetic acid Ni?*-agarose affinity column (Fig. 1B, lane 4). In the
same assay, 0.3 pmol of AR537-644 almost completely shifted
the probe (Fig. 1C, lane 4). The band of the AR537—644-ARE
-complex (indicated by an arrow on the left) is much sharper
(Fig. 1C, lanes 4 and 5), and mutations in the probe (Fig. 1D)
completely diminished the formation of the AR537—-644-ARE
complex (Fig. 1C, lanes 9 and 10). The results indicate that the
binding affinity of DBD to the ARE is much stronger than that
of the purified full-length AR to the same ARE.
A Domain within the AR N Terminus Inhibits DBD-ARE
Interactions—A C-terminal extension of the DBD of AR was
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Fic. 1. The recombinant AR interacts with the ARE weaker
than the DBD. A, diagram of domains and truncations of AR. B,
SDS-PAGE analysis of the recombinant AR and DBD. Proteins of 100
ng (lane 2) and 200 ng (lane 3) of the purified recombinant AR expressed
in Sf9 cells and recombinant His,-tagged truncations of AR expressed
in bacteria (lanes 4-6) were subjected to SDS-PAGE with Coomassie
Blue R250 staining. Lane 1 is standard protein markers (Bio-Rad). C,
the gel shift assay was performed using a DNA probe containing the
wild-type ARE (lanes 1-5) or the mutant ARE (lanes 6-10). 0.9 pmol of
AR (lanes 2, 3, 7, and 8) and 0.3 pmol (lanes 4 and 9) or 0.6 pmol (lanes
5 and 10) of AR537-644 were used in the binding reactions. The
synthetic androgen R1881 (100 nM) was included in the reactions in
lanes 3 and 8, and lanes 1 and 6 are probes only. D, sequences of the
wild-type (AREwt) and mutant (AREmt) ARE and the ARE consensus.
The mutated bases in AREmt are underlined. PSA, prostate-specific
antigen. M, standard molecular markers. Qn and Gn, stretches of
glutamines and glycines, respectively. LBD, ligand-binding domain.
AR+L, the gel shift assay performed in the presence of androgen R1881.

found to be required for specific and high affinity interactions
of DBD with ARE (25). To investigate whether the sequences
surrounding DBD would affect DBD-DNA interactions,
AR537-662 and AR477-644 (Fig. 1A) were expressed in and
purified from bacteria (Fig. 1B, lanes 5 and 6). AR537-662
strongly interacted with the probe, similar to AR537—644 (Fig.
2A, lanes 2-4). However, AR477-644 completely lost the abil-
ity to interact with the ARE probe even though much more
protein (up to 1.6 pmol) was used in the binding reaction (lanes
5-7). The N-terminal extension of DBD (amino acid residues
477-558) was expressed and purified (Fig. 2B, lane I). Its
molecular mass as determined by SDS-PAGE (16 kDa) is much
bigger than the calculated mass (10 kDa), and it was heavily
degraded (Fig. 2B, lane 1). This region contains 20% charged
amino acids and 16% proline residues, which may be responsi-
ble for this aberrant mobility of the protein. When AR477-558
was added to the binding reaction that contained the fixed
amount (0.3 pmol) of AR537-644, the density of the DBD-ARE
complex dramatically decreased (Fig. 2C, lanes 3-8). These
results indicate that AR477-538 specifically inhibits the DBD-
ARE interactions in trans as well as in cis. We noticed that
different preparations of AR477-538 contained various
amounts of the full-length protein and that amounts of the
full-length protein (Fig. 2B, lane 1, indicated by the top arrow
on the right) were correlated with the inhibition ability of
AR477-538. As negative controls, the recombinant prostate
apoptosis response-4 (26), 30-kDa Tat-interaction protein 27),
and 39-kDa subunit of RNA polymerase C (28) expressed and
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Fic. 2. AR477-558 blocks DBD binding to ARE. A, AR477-644
did not interact with the ARE. 0.15 (lane 2), 0.3 (lane 3), or 0.6 pmol
(lane 4) of AR537—662 and 0.4 pmol (lane 5), 0.8 pmol ng (lare 6), or 1.6
pmol (lane 7) of AR477—-644 were used in the binding reactions. Lane 1
is the probe-only control. B, SDS-PAGE of the purified recombinant
wild-type (lane 1), K580E (lane 2), or R538E (lane 3) AR477-558. The
full-length proteins (fop arrow) and the main degraded products (bot-
tom arrow) are indicated on the right. Nonspecific background bands
are marked with a star on the right. C, AR477-558 inhibits AR537-643
binding to the ARE. The binding reactions contained 0.3 pmol of
AR537-644 (lane 2) or 0.3 pmol of AR537—-644 plus 0.0625 (lane 3),
0.125 (lane 4), 0.25 (lane 5), 0.5 (lane 6), 1 (lane 7), or 2 pmo!l (lane 8) of
ARA4T7-558. D, the purified recombinant PAR-4, TIP30, and RPC39
proteins do not affect the interaction of AR537-644 with ARE. The
binding reactions contained 0.3 pmol of AR537-644 (lane 2) or 0.3 pmol
of AR537—644 plus 0.225 (lane 3), 0.45 (lane 4), 0.9 (lane 5), or 1.8 pmol
(lane 6) of prostate apoptosis response-4 (Par-4) (lane 8) or 1.25 (lanes
7 and 10), 2.5 (lanes 8 and 11), or 5 pmol (lanes 9 and 12) of 30-kDa
Tat-interaction protein (TIP30) (lanes 7-9) or 39-kDa subunit of RNA
polymerase C (RPC39) (lanes 10-12), respectively. WT, wild type.

purified similarly did not significantly affect the DBD binding
to the ARE probe (Fig. 2D).

The Inhibitory Domain Interacts with DBD and Inhibits AR
Trans-activation—The protein-protein pull-down assay was
performed to investigate whether the inhibitory domain (ID)
interacts directly with DBD. GST and GST-DBD(AR537-644)
fusion protein were expressed in bacteria and immobilized on
glutathione-Sepharose beads (Fig. 34, lanes 2 and 3). The in
vitro translated 35S-labeled AR477-558 (lane 4) bound to GST-
DBD (lane 6) and not to GST (lane 5). This result indicates that
the inhibitory domain interacts directly with DBD.

We then investigated the effect of the ID on AR trans-acti-
vation by performing transient transfection assays. A lucifer-
ase reporter containing four tandem copies of the same ARE
used for the gel shift assay upstream of the minimal adenovirus
E4 promoter was cotransfected with expression vectors for AR,
AR477-558, or both into prostate cancer PC3 cells in the pres-
ence of the synthetic androgen R1881. As shown in Fig. 3B, AR
activated the reporter gene ~25-fold, and coexpressed AR477—
558 showed a strong (62%) inhibition of this activity. Coexpres-
sion of AR477-558 did not influence reporter gene activity
driven by p53, indicating that the inhibiting effect of AR477-
558 was specific for AR. Western blot analysis revealed that the
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Fic. 3. AR477-558 interacted directly with DBD in vitro and
inhibited AR trans-activation in vivo. A, AR477-558 interacted
directly with DBD(AR537-644) in vitro. SDS-PAGE analysis of GST
(lane 2) and GST-DBD (lane 3) expressed in bacteria and immobilized
on glutathione-Sepharose 4B beads is shown. Bands corresponding to
GST and GST-DBD fusion protein are indicated by arrows on the right.
The immobilized GST-DBD pulled down 5S-labeled AR477-558 (lane
6). Lane 4 is 10% 3°S-labeled AR477-558 input (IP) for the pull-down
assay. B, AR477-558 inhibited AR trans-activation in vivo. PC3 cells
were transfected with 100 ng of the reporters PGL3-ARE-E4 or pGL3-
GAL4-E4, 2.5 ng of the internal control reporter pRL-CMV, 20 ng of
pcDNA-AR or pcDNA-GAL4-p53-(1-53), and 18.5 ng of pcDNA-AR477-
538 as indicated. Cells were treated with 10 nm R1881 after transfection
and harvested 48 h later for the dual luciferase assay. C, AR477-538
did not affect AR protein levels in the transfected cells. Western blot
analysis of cells transfected with pcDNA3.1 (lane 1), pcDNA-AR (lane
2), or pcDNA-AR plus pcDNA-AR477-558 (lane 3) with the anti-AR
antibody is shown.

AR protein levels in the absence and presence of AR477-558
were comparable (Fig. 3C, lane 3 versus lane 2). On the basis of
in vitro studies (Fig. 2), the ID inhibited AR trans-activation
most likely by blocking the interaction of the AR with the ARE.

The Inhibitory Domain Is Specific for AR—The DNA-binding
domains of AR, GR, progesterone receptor, and mineralocorti-
coid receptor are highly conserved (29). Not surprisingly, they
bind to the same consensus DNA site (GGTACANNNTGTTCT)
and can be considered a subfamily of the nuclear receptor
superfamily. However, the inhibitory domain of AR is not con-
served in the other receptors (Fig. 44). GR418-525 and
GR358-525 were expressed and purified (Fig. 4B, lanes I and
2). Gel shift assay demonstrated that GR358-525 and GR418~
525 bound the ARE probe similarly (Fig. 4C, lane 3 versus lane
2). The lower band (Fig. 4C, lane 3, indicated by a star on the
right) might contain a monomer of GR358-525. These results
indicated that the ID in AR is not conserved in GR; thus, the
inhibitory domain is specific for AR.

Mutations in the ID Enhance AR Trans-activation—Se-
quence alignment shows that the ID of AR is highly conserved
through evolution (Fig. 5A4). To further characterize the biolog-
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Fic. 4. The DBD-containing fragments of GR bind to the ARE
probe. A, sequence alignment of DBD and ID of AR with the corre-
sponding regions of rat GR. B, SDS-PAGE analysis of the recombinant
GR418-525 and GR358-525. 500 ng of Hisg-tagged GR418-525 (lanes
1) and GR 357-525 (lane 2) expressed in bacteria were subjected to
SDS-PAGE with Coomassie Blue R250 staining. The bands correspond-
ing to the full-length protein fragments are indicated by arrows on the
right, and a nonspecific background band is marked by a star on the left.
The standard protein markers (Bio-Rad) are indicated on the left. C,
GR417-525 and GR357-525 bind to the ARE. 0.3 pmol of GR417-525
(lane 2) or GR357-525 (lane 3) was used in the binding reactions. Lane
1 is the probe-only control.

1 2 3

ical effects of this region, we mutated two conserved residues
(Lys-520 and Arg-538) in the ID and ¢DNAs encoding the
mutated AR (K520E and R538E) were transiently transfected
in PC3 cells with the luciferase reporter plasmid. The mutated
AR had elevated trans-activation activity compared with the
wild-type AR (Fig. 5B), although the mutated and wild-type AR
were expressed at the same level in the transfected cells (Fig.
5C, lanes 2-4). The ID (AR477-558) from the mutated AR
(K520E and R538E) were expressed and purified (Fig. 2B, lanes
2 and 3). The gel shift assay revealed that mutations of K520E
and R538E decreased the inhibitory ability of ID (Fig. 5D, lanes
9-12 and 13-16 versus lanes 5-8). Ten nanograms of the wild-
type AR477-558 almost completely blocked AR537—644 bind-
ing to the ARE probe (Fig. 5D, lane 5). However, the same
amount of the mutated (K520E and R538E) AR477-558 inhib-
ited the DBD-ARE interaction only 65 and 35%, respectively
(Fig. 5D, lanes 9 and 13). Thus, the enhancement of AR trans-
activation by mutations of K520E and R538E correlates with
a decrease in the inhibitory effect of ID on DBD-ARE
interactions.

DISCUSSION

The N-terminal parts of nuclear receptors are the most di-
vergent among members of this superfamily of proteins, sug-
gesting that each receptor will take on a unique N-terminal
conformation to determine its specificity. This paper describes
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Fic. 5. Mutations in ID enhanced AR trans-activation and de-
creased ID inhibitory activity. A, sequence alignment of ID and
DBD of human (RAR), rabbit (rAR), mouse (mAR), and Xenopus (xAR)
AR. Point mutations found in prostate cancer (PC) and in complete
(CAIS), mild (MIAS), or partial (PAIS) androgen insensitivity syndrome
patients are indicated by arrows on the top. B, mutations (K520E and
R538R) enhanced AR trans-activation in vivo. PC3 cells were trans-
fected with 100 ng of the reporter pGL3-ARE-E4, 2.5 ng of the internal
control reporter pRL-CMV, or 10 ng of pcDNA-wild-type AR or
pcDNA-mutant (K520E or R538) AR as indicated. Cells were treated
with 10 nM R1881 after transfection and harvested 48 h later for the
dual luciferase assay. Each value represents the mean = SD. of a
representative experiment performed in triplicate. C, Western blot
analysis of cells transfected with pcDNA3.1 (lane 1) or with wild-type
(lane 2), K520E (lane 3), and R538E (lane 4) mutant AR. D, mutations
of K520E and R538E decreased ID inhibitory ability on DBD-ARE
interactions. The binding reactions contained 0.075 (lane 2), 0.15 (lane
3), or 0.3 pmol (lane 4) of DBD alone or 0.3 pmol of DBD plus 0.625
(lanes 5, 9, and 13), 0.125 (lanes 6, 10, and 14), 0.025 (lanes 7,11, and
15), or 0.005 pmol (lanes 8, 12, and 16) of wild-type (lanes 5-8), K520E
mutant (lanes 9-12) or R538E mutant AR477-558 (lanes 13-16). WT,
wild type.

a highly conserved novel inhibitory domain designated ID,
which lies in N-terminal 81-amino acid residues upstream of
the DBD of AR. ID interacts directly with DBD and strongly
inhibits the DBD-ARE interactions in vitro and AR trans-
activation in vivo.

Much of the work devoted to understanding regulation of
transcription by the AR has focused on the N-terminal AF1 and
the C-terminal AF2 (30). However, transcriptional inhibition
may be equally important as a way of preventing activation.
Studies that deal with inhibition of AR-dependent transcrip-
tion have focused on silencing mechanisms through recruit-
ment of corepressors to the target promoters and through re-
ceptor occupancy at one DNA site interfering with
transcription by an activator at an adjoining site (5, 31). We
have now demonstrated that negative function element exists
in the AR molecule itself and markedly suppresses the DNA
binding activity of DBD. The ID function is similar to that of
the N-terminal region of TAF250 (the 250-kDa TATA box-
binding protein-associated factor 1), which forms a DNA-like
structure, interacts with the DNA-binding surface, and inhibits
the DNA binding activity of TATA box-binding protein (32). In
contrast, the direct interactions between the ID and DBD sug-
gest that perhaps ID acts through intramolecular contacts. In
this respect, ID is similar to p53, which exists in a latent
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DNA-binding form as a result of the C-terminal tail-DNA-
binding domain interactions (33, 34). Phosphorylation of lysine
residues in the C-terminal region leads to the disruption of
interactions between the C-terminal domain and the core DBD,
thus allowing the DBD of p53 to adopt an active conformation.
It is important to know whether modifications in the ID of AR
or interactions of this domain with the other proteins might
regulate the DNA binding activity of AR. A study on the rat AR
indicated that the unknown protein could enhance the DNA
binding activity of the protein fragment containing the DBD in
a gel shift assay (35). Another study has demonstrated that
mutations on ®3QPIF®7! at the boundary of the hinge and
ligand-binding domain of AR, resulting in receptors that ex-
hibit 2—4-fold increased activity compared with the wild-type
AR in response to dihydrotestosterone, and these mutations
have been detected in prostate cancer patients (36). However,
the molecular mechanism for this phenomenon is unclear.
Several mutations found in men with prostate cancer (37)
and in men with the androgen insensitivity syndrome (38, 39)
localize in ID (Fig. 5A). These mutations might change the
function of ID, therefore affecting AR trans-activation. D528G
mutation was detected in a patient with prostate cancer (37),
and we found that AR with D528G mutation was more active
(>3-fold) than the wild-type AR in transient transfection as-
says (data not shown), Currently, we are investigating whether
the enhanced AR trans-activation is because of the decreased
ID function. Thus, ID may play an important regulatory role in
AR function, and dysfunction of ID may contribute to prostate
cancer or androgen insensitivity syndrome in some men.

Acknowledgments—We thank Michael S. Worley for critical editorial
review and Liliana DeGeus for expert assistance in the preparation of
the paper.
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ABSTRACT

~ The androgen receptor (AR) bmds to and activates transcription of target genes in response to

androgens. In an attempt to isolate cofactors capable of mﬂuencmg AR transcriptional act1v1ty,’
we used an 1mmunopre01p1tation method and 1dent1ﬁed a 44-kDa protein designated asp44, as a
new AR- mteractmg protem P44 interacts w1th AR in the nucleus and wrth an androgen-
regulated homeobox protem (NKX3 1) in the cytoplasm of LNCaP cells Tran51ent transfection
assay revealed that p44 enhances AR- glucocortrcord receptor— and progesterone receptor- |
dependent transcription but not estrogen receptor- or thyroid hormone receptor-dependent
transcription. P44 was recruited onto the promoter of the prostate-speciﬁc antigen gene in the
presence of the androgen in LNCaP cells. P44 exists as a multiprotein complex in the nucleus of

HeLa cells. This complex, but not p44 alone, enhances AR-driven transcription in vitro in a cell-

free transcriptional system and contains the protein arginine methyltransferase 5 (PRMTS),

which acts synergistically with p44 to enhance AR-driven gene expression in a

methyltransferase-independent manner. Our data suggest that a novel mechanism by which the :

- p'rotein arginine methyltransferase is involved in the control of AR-driven transcription. P44

expression is dramatically enhanced in prostate cancer tissue when compared with adjacent

benign prostate tissue.
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INTRODUCTION

The androgen receptor (AR) mediates androgen function in the development‘ and -
maintenance of normal prostate tissue (4). The growth and progression of prostate cancer is

also dependent on AR. AR is a member of the nuclear receptor 'bsuperfamilby and, ‘li_ke other

- members of this family, contains a central DNA-binding domain (DBD), a C-terminal ligand-

- binding domain (LBD) with an assomated activation function (AF-2) actlvatlon domaln and an i

N- termmal domain (NTD) contalnmg the AF 1 activation dornam (9 20). On ligand bmdmg,’
AR dissociates with heat shock protems and chaperones, dimerizes and binds to cognate

androgen response elements (AREs) in target genes, and, throughAits AF-1 and AF-2 domains,

interacts with various coactivators that facilitate transcription by the general trans'criptionall

machinery (9, 20). As demonstrated in studies of other activators, gene activation by AR is

thought to require the general initiation factors that form pre-initiation complexes on common

core promoter elements (e.g. TATA) (45) and a vai'iety of general and gene-specific
coactivators that either modulate chromatin structure (26, A36)'or‘ serve as direct adaptors

between -activators and general initiation factors (44). A variety of cofactors have been

- implicated more directly in nuclear receptor function (32, 33, 55). On a grbwing_ list of -

cofactors that regulate nuclear receptors arerthe well-studied éoactivétors of péOO/CBP the
p160 family (SRC-1, TIF-2/GRIP-1, ACTR/P- CIP) (55) p300/cREB-binding protem associated
factor/GCNS complexes (yeast SAGA, human STAGA) (5, 31) and protem arginine
methyltransferases (PRMTs) (49). These cofactors have histone acetyl transferase or PRMT
activities and are believed to act mainlyv through histone. acetylationr or methyl-ation and
subsequent chromatin structural perturbétions but can also act through functional modification

of activators (21) and boactivators (10, 56). Some exhibit ligand-de'p'endent interactions with.
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the AF-2 domain of receptors, whereas others interact with the AF-1 domains. The multiprotein

thyroid hormone receptor-associated protein (TRAP)/Mediator complexes exhibit no intrinsic

histone acetyltransferase activity (30) and show subunit-specific interactions with both nuclear
receptors (TRAP220 with thyroid hormohe» recépfor [TR}], vitamin D \receptor, pero'xiso.me
pr’oliferator-activated receptor, retinoic acid reéqptor, retinoid X receptor, and éstrégen recepfor
tER] and TRAP170/vitamin D recéptor-inféracting prdtein 150 with glucocorticoid reCéptor :
[GR}]) and other aéti\;ato;s (TRAPSO with p53 and VP16). This complex, in turn, interacts with
thé general initiation factofs ahd Pol II and ééts on DNA templates at postéhromatin-requeling

steps. Of these various coaétivators, p300/CBP and p160s have been shown to function with

AR (1, 3, 6, 23, 29), but functions of the mult‘icorriponent STAGA (~15 subunits) and TRAP .

(~25 subunits) cbmplexes with AR are also likely (52). Other cofactors that have been

L im_plicated- in the function of AR and, in most cases, other nuclear receptors include the ARA

\

group, ARIP3, SNURF, FHL2, cyclin D1, and AES (22, 24). Some 'éf these factors have
broader effects on basal tranééription and other aétivators, but less is known about their

mechanistic function.

Homeoboxes are conserved 61-amino acid DNA-binding domains present 'in a distinct
family of transcfiption factors, homeodomaih proteins, that play a central role in eukaryotic
-development, with spatial and temporal speciﬁci.ty (19). Consistent wit'h' their role in cell
growth and diffgrentiaﬁon, homeobox gene dysfunctions havé b¢en implicated in tumorigénesis
(12). NKXS:I is a newly discovered prostate tissue-specific and androgeh-regulated gene in the |
.homeobox gene fdmily (42). NKX3.1 is most closély related, by virtue of 78% sequence
similarity with the homeodomain r'egic’m, to Drésqphilé NK-3. NK-3 interacts with the co-

repressor Groucho'through the homeodomain region to repress transcription (11). Consistent
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with its sequence similarity to NK 3, NKX3 1 has been shown to specifically repress.v’
transcrlptlon of a luciferase reporter contammg three copies of the NKX3. 1—b1nd1ng s1te‘__ ‘
upstream of a thymldme kinase core promoter (50). The chromosomal assoc1at10n of the
- NKX3.1 gene on 8p21, a region frequently deleted in prostate cancer, sugges_ts that NKX3.1 |
may function as ‘a tumor suppressor (8). Consistent with these findings, t_he results of recent
.studies of NKX3.1 knockout 'rnice suggest that NKX3.1 exerts a growth-suppressive effect on
prostate epithelial cells and controls differentiated glandular functions (2, 7, 25, 46). These
ﬁndlngs suggest that as a transcr1pt10n factor, NKX3.1 may play an important role in ‘prostate
cell development, cell differentiation, and tumorlgenesrs,’ even though the biological and

biochemical functions of NKX3.1 remain to be deciphered.

In this study, we have identified a new AR-associated protein (p44) that interacts with AR
directly and enhances AR-driven .gene'expression in vivo. We also demonstrated that in the

nucleus of HeLa cells, p44 forms a multiprotein complex tha_t functions as a coactivator of AR.
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MATERIALS AND METHODS

| Establishment‘of' prostate cell lines that stably expressed a FLAG-tagged AR or ’

- NKX3.1 and iimmunopurification'o‘f f:ARQ and f:NKXS.l-asswiated factors. - The '

mammalian expressmn vectors pBabe-Neo f:AR and pBabe-Neo-f:NKX3.1 were created by
subclomng FLAG-tagged human AR or NKX3 .1 cDNA into vector pBabe-Neo The prostate
cancer cell line LNCaP was purchased from the American Type Culture Collection (ATCC,

Manassas; VA) and maintained in RPMI 1640'medium plus 10% fetal bovine serum. Cells

were transfected with pBabe-Neo-f'AR or pBabe-Neo-f:NKX3.1 and further incubated at 37 °C

for 1-1.5 days before being split 1: 6 for G418 selectlon 0.5 mg/ml) The medium was changed

every 3 or 4 days. Indmdual G418-re515tant colonies normally seen after two weeks were

expanded into cell lines and then characterized by Western blotting using the anti-FLAG M2

"«rnonoclonal antibody. The cell lines expreSsing FLAG tagged-AR or FLAG tagged-NKX3.1

were further expanded and analyzed. Nuclear and cytoplasmic extracts were' prepared

-according to our standard methods (54) and used to 1mmunopur1fy the AR- or NKX3.1-

containing complexes Typically, - 1ml of nuclear or cytoplasm extract was mixed with 20 ul of

~ M2 resin and incubated for 3 h at 4 °C with rotation. Washing five times in a buffer containing

20 mM HEPES V(pH 7.95, 0.2 mM ED'TA, 20% glycerol, 2 mM DTT, 1.50.mM KCI, and 0.1%
NP40, the bound proteins were eluted from the M2 agarose by incubation at 4 °C for 30 min
with 20 p.l of the same buffer plus 0.2 mg/ml of the FLAG peptide (Asp-Tyr-Lys-Asp-Asp—Aspf |
Asp-Lys). 5 ul of aliquots of eluted proteins were mixed with equal volumes of 2x Laemmli's

sample buffer and loaded onto a 10% polyacrylamide-SDS gel. Proteins were visualized by

silver staining.
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In vitro transcnpnon and pnmer extensmn The basal transcnptlon factors TFIIA,
TFIIB, TFIIE, and TFIIF and PC4 were expressed in and purlﬁed from bacterla TF 1D, TFIIH
and RNA polymerase 11 were affinity purified from the stable cells expressing corresponding

FLAG-tagged subunits (57). Transcription reactions were carried out in a final volume of 25 ul

“and contained 90 fmol of supercoiled plasmid DNA template; the products were analyzed by the

- primer extension reaction as described previously (57).

cDNA cloning and Ndrthern blot analysis. An immunopurified NKX3.1-containing
complex was subjected to SDS-PAGE; and peptides derived from p44 were subjected to mass
spectrometric analysis (37). An Expression Sequence Tag (EST) clone (IMAGE:785275)

en_ceding full-length p44 was obtained from Americén Type Culture Collection (ATCC)

" (Manassas, VA). A '1.3-kb cDNA encodingﬁ.lll-leng‘th p44 was labeled with 3P using the

H\Random aned DNA Labehng Kit (Boehrmger Mannheim GmbH) and was used to probe

human multlple tissue Northern blot membranes (BD B10s01ences Clontech Polo Alto, CA).

Expressmn and Purlﬁcatlon of recombinant protems and antlbody preparatlon :

Recombinant human AR was expressed in Sf9 cells via baculov1rus vector pVLl393 as a

- FLAG-tagged fusion protein and purified on M2 agarose (57).‘ Hisg-tagged p44_ was expressed

in bacteria via expression vector pET15d and purified by affinity (Ni—NTA agarose) and S-

Sepharose chromatographic steps. The cDNA encoding the amino acid residues 1 to 282 of

_human AR was subcloned into vector pET15d and expressed in bacteria. The His¢-tagged

'AR(1-282) protein was purified through Ni-NTA agarose column. Ten milligrams of the

purified recombinant Hlsﬁ-tagged p44 and AR(1-282) protems were sent to Convance Inc.
(Denver, PA) for polyclonal antlbody productlon in rabblts The antlsera were purified through

the p44- and AR(1-282)-agarose columns, respectively.
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Transient transfectioh. The AR, ER, GR, progesterone receptor (PR), 'fR and p44
-éxpression vectors for transfection assays" "were constrﬁcted by inserting their édrrespbnding
cDNA sequeﬂces into pcDNA3.1. The luciferase reporters contain the aﬁdrégén-, estr'og_en- or
thyroid hormone-response eleﬁents ahead of the E4 basal proﬁoter' énd the luciferase ’géne,"
g reépectively. PC3 cells were maintained in RPMI 1640 medium plus 10% fetal vbovin'erl sérum.

Transfe;:tic;ns were’ performed using Lipoféc_tamine Re.agent (Invitrogen, Cérlsﬁad, CA). '
Brieﬂ’y, 10‘5 cells wére plated onto each well of 24-well p_latés approximaté]y 24 .h' before
tr'an.vsfection. After Being washed witﬁ phosphaté-buffered'saline (PBS), cells 1n each Well‘\-wvere
transfected with 30 ﬁg o}f. an expression Vector (AR, ER, GR, PR, or TI’{),‘.IOO ng of the fépGrfer
. plasrﬁids, 2.5 ng of vthe pR-LUC ihtemal control plasmid, and the indicated amount of the‘p44
."expression vector. The total amount of DNA was adjusted to 300 ngA with pcDNA3.l‘. )
Transfectidné Were-conductéd in phehol;freq RPMI 1640 mediﬁrﬁ; 2 h latér, fhe medium was
| \ch'angedm either phenol-free .RPMI_‘1640_ plué 10% charcoal-tfgated feral bovine serum or
| regular medium containing 10 nM R1881, 10 nM dexamethasone, .lO nM»progestgrone,' 1. uM B-
estrac.li.ol, of 10 nM T3. Cells §vere cultured for another 48 h and harvested ‘for the dual

luciferase assay (Prorﬁega,' Madison, WI).

~ Protein-protein interaction assay. One rﬁicfcjgram of fecémbinan_t glutathioné-S- '
trénsferase (GST) and GST-fusion proteins ‘(GST-p44,‘GSl}T-NTDY; GST-DBD rand GST-LBD)
were expressed in 'bacteria énd immobilized:on 20 pl of glutathione S‘ephérose beads. Thé beads
Werg incubated with 5 ul of rabbit reticulocyte lysate containing °S-labeled AR, NKX3.1, or
PRMTS in a final volume of 200 ul containing 20 mM HEPES (pH‘7..9), 0.2 mM EDTA, 20%

. glyceroi, 2 mM DTT, 150 or 300 mM KCl, and 0.1% NP40. ‘The beads were washed five times
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(1 ml each) with the 1ncubat10n buffer, b01led in 20 ul of the SDS gel sample buffer, and

_ analyzed by SDS-PAGE followed by autoradrography

| Chromatin Immun'oprecipitation. LNCaP cells were grown in phenol red-free RPMI 16'40v .
supplemented with 10%.charcoal/dextren-stripped' fetal bovine serurh for 2 days and then treated o
" with 1 nM R1881 for 16 h. Cells were treated with ethanol were used as the control. Chrcmat‘in
imniunoprecipitatlon- was performed as described (39) with the following modification. Cells
 were vcrcss;llnked with 1% formaldehyde at room temperature for 10 min and the crpssélinking

reaction was stdpped by additidn of glycine tc 0.125 M. The cross-’linked chromatin was

sonicated with a Bransor Sonifier 450> microtip at power setting 6 for five 30sbursts separated by
' COolihg on ice‘. This treetmeht produced_DNA fragments of atverage siie of 700 bp. For
irnmurtoprecipitation, 2ug of‘ antigeh—p'uriﬁed anti-AR or anti-p44 antibody was miiged with 300
F"';\ug of the puriﬁed cross—linked chromatin ehd incubated ovemight at 4V°C. Irrtmuhocomplexes
- were washed five times (10 mtn each) in 1 rhl of the buffer containing l% Triton X100, 0.1%
vNa deoxycholate 0.05% SDS, 140 mM NaCl, and l mM phenylmethylsulfonylﬂuonde(PMSF )
once in a solution containing 0.25 M L1C1, 0.5% NP40, 0.5% Na—deoxycholate, 1 mM EDTA,
and 10 mM Tri-HCI, pH 8.0; and twice in 1 mM EDTA, 10 ml\/l Tris-HCl,' pH 8.0. After '
reversal and recovery of the 1mmunoprec1p1tated chromatin DNA, the final DNA pellets were
dissolved with 50 ul H,O. Immunopurlﬁed DNA(S ul) was used for a PCR reactlon (30 cycles
annealihg at 50°C), with primers as follows. For prostate-specific antigen (PSA), the forward
primer sequence was TCTGCCTTTGTCCGCTAGAT and the reverse primer‘ sequenCe was
AACCTTCATTCCCCAGGACT, which will amplify a 212-bp product from -250 to -39
upstream of the PSA trahscription start‘ siter For B-actin, the forward primer sequence was

TCCTCCTCTTCCTCAATCTCG and the reverse primer sequence was AAGGCAA
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CTTTCGGAACGG, which will amplify a 1454bp product from -118 to -974 of the B-actin gene

~ (the A of the ATG translation start codon was arbitrarily given the number +1).

Methylation of proteins. A cDNA (IMAGE:3833019) énCodingv the full-l'en.gth human "
PRMTS was purchaséd from ATCC. vThe point mutant (R368A) was created by usiril’g.
QuiékChaﬁge ’Site-DirectedA»Mutégen‘esis Kitm.(Stratvagene.) follqwing the manufacturer’.s
instructions. The muitation was confirmed by DNA sequenéing analysis. The willd-type and |
mutant PRMTS were cxpressed'in bacteria via pET15d expreésion vector énd _puriﬁed throﬁgh

Ni**-NTA agarose. The methylation assay was performed as follows. 2-ug of the puriﬁéd

~ histones (27) was incubated with 0.8 g of the purified recombmant wild- type or mutant PRMTS

and various factors as indicated in 25-ul of 50 mM Tris, pH 7.5, 1 mM EDTA 1 mM EGTA

and 20 mCi 3‘H-Ad.oMe:t (Amersham Phannac1a Biotech) at 30 °C for 30 min. The reactions

‘\yvere étopped by the addition of 5 ul of 5x SDS-sample léading buffer, and samples were

resolved by 15% SDS-PAGE. - The gels were stained with Coommassie blue R250, distained,

treated with intensify solutlon and analyzed by autoradlograhpy

1In situ hybridizatilon. ‘We used matched normal and cancerous prSfate tissues derived from
radiéal prosfa_tectOrﬁieS of pati'ent"s with 'pr'ost'ate .cancef at New York University Medical Center
in an institﬁtional review board—appfbved protocol.” The prOCedure for in situ} hybridizaﬁon Wa‘s
as descrxbed prevmusly (28). Briefly, the sections ‘were hydrated, postﬂxed in 4%
paraformaldehyde and treated with proteinase K followed by deacetylatlon The
prehybridization and hybridization treatments were performed at 68°C using 0.3 M NaCl and "
50% formamide. 500-bp ’(cDNA»sequences of p44 from 1 to 500) DNA fraéﬁients containing

both T7 and T3 promoters were generated by PCR. Coﬁesponding 33P-lzz_lbele:d RNAs (sense and °
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ahtisense) were generated by in vitro ‘transcription with T7 and T3 RNA polymerases,
respectively, arid hybridiied to the fissue sections (4 um). After washing, the slides were
exposed to NTB- 2 X- ray emulswn (Eastman- Kodak Rochester, NY) for 2-3 weeks, and '

counterstamed with hematoxyhn -eosin. Image and stat1st1ca1 analyses were performed as

described (28).
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RESULTS

Immunopunﬁcatlon and functronal analysis of FLAG-AR-assocrated factors We have ‘
prev1ously generated stable cell lines expressing FLAG(41) epltope tagged factors and used
them to affinity purify correspondmg parental complexes-(53, 54, 57). To srmrlarly identify

androgen dependent or androgen- 1ndependent AR-mteractmg factors we generated a prostate

cancer cell line (f:AR-LNCaP) that stably expresses a FLAG- tagged AR. Immunopunﬁcatlon

of AR from nuclear extracts made from f:AR-LNCaP cells grown in the presence and absence

of androgen (R1881) revealed androgen (R1881)- 1nduced association of a 44-kDa f AR-

assocrated polypeptide (F1g 1A, lane 3) The spemﬁc assocxatron of this polypeptide with f AR

1is further shown by the fallure of srmllar-smed polypeptldes in extracts from control cells (not

expressmg f:AR) to bind to the affinity matrix (Fig. 1A, lane 4).

When assayed vin the puriﬁed;minimal transcription system containing TFIIA, TFIIB,
TFIID, TFIIH, pol II, and PC4 with the synthetic ARE-containing template (57) (Fig. lC), '
recombinant AR (rAR) alone elicited up to 8.3-fold activation (Fig. 1B, lanes 6-8). The f:AR

complex from nuclear extract derived from fﬁAR—expressing LNCaP cells grown in the presence -

- of R1881 [f:AR(+)] elicited up to 38-fold activation (Fig. 1B, lanes 2 and 3), and at an

equimolar inpnt, was 16-fold more active than rAR (Fig. 1B, lane 3 _versus lane 7)‘;‘ In contrast,
the f:AR c.o‘r_nplex fro_m nuclear extract frorn f:AR-eXpressing LNCaP cells grown in the
absence of R1881 [F:AR(-)] showed a level of activity only about 2-fold above that shown by
rAR ( Fig. 1B, lanes 4 and .5. versus lanes 6 and 7). The am‘ounts” (as indicated in Fig. 1B) of
recombinant AR and f:AR in the f:AR-contalning complexes were normalized by quantitative
Western blot analysis with anti-AR polyclonal antibodies. -These results indicate that

polypeptides associated with AR specifically in the presence of androgen can upregulate AR
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function; a likely candidate is the 44 kDa protein, although other minor polypeptides could also

be responsible. When the cell line was further expanded, the 44-kDa polypeptide beeame less |

. abundant, and an attempt to isolate a sufficient amount of the 44-kDa polypeptide for peptide

sequence analysis failed.

N Puriﬁcation, t:loninur and characterization‘ of FLAG-NKXG3. l-mteractmg proteins. We

“have similarly generated a prostate cancer cell line (f: NKX3 1- LNCaP) that stably expresses a

FLAG-tagged NKX3.1. Immunoprecxpltatxon of fINKX3.1 from extracts 1solated from
f:NKX3.1-LNCaP cells revealed 44- and 170 kDa polypeptxdes that spec1ﬁcally associate with
NKX3. l m the cytoplasm (Fig. 2A lane S) but not with NKX3 1 in the nucleus (Fig. 2A, lane
3). The specific association of these polypeptides with f:NKX3.1 is further shown by the fallure _

of similar-sized polypeptides in extracts from control cells (expressing vf:SRCl) to bind to the

l\"_\afﬁnity matrix (Fig. 2A, lane 4). Because £NKX3.1 stained negatively with silver, Western

blot analysis with the anti-FLAG antibody was employed to demonstrate the existence of -

fINKX3.1 in immuhoprecipitates derived from both nuclear (Fig. 2A, bottom panel, lane 3) and

_cytoplasm (Fig. 2A, bottom panel, lane 5) extracts. After accumulating larger amounts of

f:NKX3.1-associated 44-kDa protein, we performed direct sequence analysis by mass

: speetrometric methods (37). On the basis of the peptide sequence (KETPPPLVPPAAR)

“obtained from mass spectrometric analysis, we obtained a cDNA encoding the 44 kD protein..

The p44 cDNA encodes a protein.eOntaining, 342 amino acid residues and‘4‘ putative WD-4O |
repeats (residues 68-107, Il4-153,v 157-196, and 280-319). P44 is identical lnsequence to the
recently identified MEPSO component of the methylosome (18) and to the WD45 subunit of the
SME complex (3 5). Northern blot analysis of multiple hurnan tissues showed that p44 mRNA

is highly expressed in the heart, skeletal muscle, spleen, testis, uterus, prostate, and thymus (Fig.
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3). Western blot.analysi's with anti-p44 antibody revealed that the f:AR prepar.ation'

1mmunopur1ﬁed from the f:AR-LNCaP cell lme (Flg lA lane 3) contams the same 44-kDa

polypeptlde (Flg 2B, lane 3)

P44 specifically enhances AR-dependent transcription in vivo; To investigate the effect

of p44 on AR-dependent transcription in vivo; a luciferase reporter containing four tandem

~ prostate-specific antigen (PSA) promoter AREs (-152 to -174) (14) upstream of the minimal

' adenovrrus E4 promoter (-38 to +93) was cotransfected with expressmn vectors for AR and p44 ‘

into PC3 cells in the absence or presence of ligand (R1881). As shown in Fig. 4A, AR actwated :

the reporter gene about 1_2-fold in the presence of ligand, and coexpressed p44 showed a strong |
* (up to 3.3-fold) enhancement of this activity thet is likely restricted in magnitude by
4contribution's from endogenous p44 (data not shown). P44 did not inﬂuence reporter gene

‘actlvrty in the absence of cotransfected AR or ligand (R1881) mdlcatmg that the enhancmg

effect of p44 on AR- dependent gene express1on was caused by an effect on the E4 promoter
To investigate the receptor spec1ﬁc1ty of ‘p44, we examined the effects of p44 on transerxptron of
reporters contatning the same E4 promoter under the control of GR, progesterone receptor
(PRy), estrogen receptor (ERoc) and thyro'id hormone receptor (TR). As shown in Fig. 4A, p44
also enhanced GR- and PR-drivenv gene expression and, in contrast, showed no effect on TR- or
ER-mediated tran_seription. Hence, p44 shows some nuclear receptor-speciﬁc effects in vivo. 'k
P44_elso enhanced AR-driven transcription from natural ARE-oontaining MMTYV (15) and
probasin (-244 to +12) (13) promoters but had no obvious effects on the prornoter derived from
the PSA enhancer (-4354 to -3858) (47) (Fig. 4B). These results suggest that p44 has promoter’

specificity.
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P44 interacts directly with‘ AR and NKX3..1. Consistent with the observed intrecelluiar |
ass_ociation of p44 With f:NKX:i.l‘ (Fig. 24, lane 5), p44 interacted directly and strongly with -
NKX3.1 in a salt-insensitive manner in a GST pull- down assay (Fig 5A lanes 10 14)
Recomblnant AR 'was also found to interact strongly (but in a salt-sensitive manner) w1th a
GST-p44 fusmn protein but not with GST alone ‘(Fig. 5A, lanes 1-9)', which was consistent with
the intracellular association‘ of f:AR with p44 (Fig. 1A, lane 3): The iigand-independent in vitro
interaction of puriﬁed p44 with purified AR contrasts with the ligand-dependent intracellular
‘association of p44 with AR.i However, other AR-associated proteins (such as heat shockv
protems) whose interactions are reversed by androgen, thus facﬂitatmg p44 1nteraction may
explain this dependeney Our 1dent1ﬁcation of a common interacting protein (p44) prompted
studies of the effect of NKX3.1 on AR function Wthh showed that overexpressxon of NKX3.1 ﬁ
- represses AR-driven gene expression in vivo (Fig. 2C). One possible explanation is that
\ iNKX3.1 i'nay sequester p44 in the cytoplasm, therefore inhibiting AR-driven gene expression.
Overexpression of eetopie p44- was shown’ to compbletely oVercome the NKX3.1-mediated |
repression, which supports this theory (Fig. 2C). éince p44 enhanees AR activity either in the
.presenee or absence of NKX3.1, the ‘rnechanism of enhancement by p44 may be conipletely’ \‘

independent of NKX3.1 action.

P44-containing compllex enhances AR-driven transcription in vitrot To further expl.ore
the function and regulation of p44, we established a HeLa cell line that stably expresses FLAG-
tagged p44 and used it to immunopurify p44-containing icomplexes. SDS-PAGE analysis
revealed a large number of polypeptides (more abundant in the 50- to 60-kDa range and less
abundant in the 70- to 100-kDa and 10- to 30-kDa ranges) (Fig. 5B, lane 5). The recombinant

- p44 expressed in bacteria (Fig. 5B, lane 2) inhibited AR-dependent transcription from the .‘




-;vf

Hosohata et al. - ' - ' ' _ B : 16

synthetic ARE-E4 promoter (Fig. 5C, lane 3 versus lane 2). This repression contrasted with the

“activation obs_ervedb in vivo (transient transfection) (Fig. 4). One possible reason for this is that

* p44 activation of AR-driven gene expression requires additional factors. In the absence of these

factors in the in vitro reconStituted transcription system, p44 might sequester some transcription -

»factors (such as AR) through drrect 1nteractrons and thus repress transcrrptlon This hypothesrs

is supported by our ﬁndmg that the p44—conta1n1ng complex purrﬁed from the FLAG -tagged

stable cell line enhanced AR- drlven transcrrptlon from the same prornoter (Fig. 5C lane’ 5)

" The p44- contalnlng complex did not affect GAL4-VP16- drlven transcrlptron in the same in

vitro transcription system (data not shown).

The occupancy of speciﬁc DNA sites bby speciﬁc DNA binding proteins (e.g.-,,AR) and - -
- associated proteins can be estabhshed by the ChIP assay (38) This assay is a direct and '

powerful method of assessmg in vivo protem -DNA interactions. As shown in F1g SD AR bmds

to the PSA promoter region in the presence of androgen (R1881) (mrddle panel, lane 1). 'As ,

- negative controls, the products amphﬁed by PCR at the same time from the B-actin promoter

were not changed in response to the addition of androgen (middle panel lanes 3 and 4). This
observation is consistent with the fact that the PSA promoter is directly targeted by AR (58). We
have performed this assay for over 10 times and consistently observed the androgen?dependent
recruitment of AR to the PSA proximal promoter in LNCaP cells. Cofactors can also be cross-
linked by formaldehyde treatment to chrornatin through their interactions with DNA-binding
factors in living cells. Therefore, the ChIP assay is also a»direct way to deterrnine cofactor
occupancy on AR-target genes. Fig. SD‘ shows the‘androgen-dependent recruitrnent of p44 onto
the PSA prjomotern(bottom panel, lane 1 versus lane 2). The ChIP as,say'with anti-p44 antibody

was independently performed twice and the results were consistent. We found that when the
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increased amounts (2-fold) of DNA wefe used in oﬁr standard PCR reactions (30 cycles) we still
| }observed the androgenv-depenvdent-recruitfnent .6f p44 to the PSA i)romoter ’although :_the |
_background was siightly higher. However, leyssv amplification cygles (27 cycles) in the PCR .
reaction would giVe the better results when the inéreased amounts of DNA weré used. ’fhese'

results suggest that p44 functions on the AR-target gene in vivo.

Others have been repoftéd that MEP50 and WD45 form complexes with PRMTS and piCln .

in the methylosome and SMN complexés, respectively (18, 35). To further establish whether

- - these latter two proteins are present in our p44-containing complex, Western blot analysis with

»

 anti-PRMTS and anti-pICln antibodies was performed. As shown in Fig. 5B, both PRMTS and

~ pICln proteins were present in the-p44¥cqntaining complex (lane 7'). To determine whether

PRMTS5 and pICln are involved in AR-driven gene exprgs_siori, we subcloned cDNAs encoding

- .PRMTS5 and pICln (IMAGE:3836445) (ATCC) into the expresSion vector 'I')cDNA3.‘1. To

investigate the effecf of 'PRMTS and pICln on AR;dependent 'transcn'prt‘ion in vivﬂo, an ARE-
containing lucifefase réporter was cotransfected with v'exp‘resvsion vectors for AR, PRMTS,
pICln, or different co‘m‘binatio’nsbinto prostaté cancér PC3 cells in the'presehce of ligand |
(R1881). As shown in Fig. 6,VAR activated the reportér gene -about 12-fold, and co-expressed
PRMTS ‘showed a'strong (up to 2.5-fold) Venhancer'he'nt of this activity. PRMTS5 did not )
influence reporter gene activity in the absence of cotransfected AR or ligaind (R1881) (data not
shown), ihdicating that the ehhéncing effect of PRMTS on AR-dependent gené expression was
caused by an effect on the E4 promoter. To investigate the effect of PRMTS plus p44 in the
same assay, we cotransfected PC3 cells with limited amounts (50 ng) of PRMTS'énd pa4 aloﬁe :
or in combination. Fig. 6 shows that 50 ng of PRMTS or p44 had little effect o‘nbAR-dependent'

transcription. However, the same amounts of combined PRMTS plus p44 resulted in strong (3-
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fold) activation, indicating that PRMTS and p44 function synergistically. In contrast, pIClri

alone or in combination with p44, PRMTS, or both had no signiﬁcént effect on AR-depénd'ent ‘

|  transcription (Fig. 6). Western blot analysis indicated that f:AR complex (Fig. 1A, lane 3) also

contains PRMTS5 and pICln (data not shoWn).

' .’The" methyltransferase activity of PRMT5 is not required for the ‘enhanced
transactivation of AR. We further studied thé interactions among AR, p44, and PRMTS. In

vitro produced and *°S-labeled PRMT5 was incubated with immobilized GST, GST-p44, GST-

- NTD, GST-DBD, aﬁd GST-LBD. After wash, bound proteins were resolved by SDS-PAGE“

and visualized by ‘au,toradiograhpy. ‘P44 directly interacted with PRMTS (Fig. 7A, lane 3). In
contrast, PRMTS5 did not bind any domain (NTD, DBD, or LBD) of AR (Fig. 7A, lanes 7-9).

These results indicate that PRMTS is recruited to AR-target genes through its direct interaction

""'\\with p44. The conserved arginine residue (R368) is essential for the méthyltransferase activity

of PRMTS (40). The wild-type (Fig. 7B, lanes 2 and 3) and R368A mﬁtaht (lan"es 4 .and 5)
PRMTS were'expressed in and'puriﬁ_ed from Babteria. Incubations of h_istones purified frqﬁ |
YHeL>a cells v;/ith *H-AdoMet plﬁs recombinant PRMTS5 resulted in ﬁanéfer of the radioactive

methjl groups to the histone H4 (Fig. 7C, top panél; lane 2). In contrast to the previous
observétions (40), we did not detect the methylétion of the histone H2A by PRMTST This
discrepancy might be due to the different preparétions of histones used for the methylation
assay. The prebaration o‘f individué.l histones was uvsedbin the previous study But the purified

natural histones (containing the octomer of 2H2A, 2H2B, 2H3; and 2H4) were used in our -

_ study. The mutation of R368A _bn PRMTS dramatically reduced the methyltransferase activity

in vitro (Fig. 7C, top panel, lane 3 versus lane 2). However, this mutation did not significantly

decrease the PRMTS5-mediated transactivation of AR in vivo (Fig. 7D), indicating that the -
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methyltransferase act1v1ty of PRMTS is not required.” Western blot analysis with antr-PRMTS .

antibody revealed that the protein levels of the w1ld-type and mutant PRMTS in the transfected

PC3 cells are same (data not shown). However,-the same mutation on PRMTS impaired its

activity as transcriptional corepressor on the cylin E1 promoter (16). '

Overexpression of p44 correlates with prostate tumorigenesis. In order to investigate the

: possibility that p44 might be important for modulating AR function in prostate cancer, we

investigated the expressioﬁ of p44 at the mRNA level using quantitative in situ hybridization

" methods in 43 primary prostate cancers with different degrees of differentiation. Expression.of

-

p44 was detected in only prostate epithelial cells (EC) and was signiﬁcantly up-regulated in 36%

__of well-differentiated:prostate tumors (Fig. 8, a; b, g, h), in more than 80% of moderately

; dlfferentlated prostate tumors (c, d, I, j), and in more than 60% of poorly dlfferentrated prostate

tumors (e, f k, i). The average 1ncrease-fold is 5.1. These results 1nd1cate that changes in p44 |

expressron (and poss1bly in assocrated protelns) mrght play an 1mportant role in effectmg the

"deregulatlon of normal AR and NKX3.1 functrons in prostate tumorrgenesrs.»

=Y
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DISCUSSION

In this study, we described the _isoiation of p44 as a new AR- and NKX?.I-in‘teractiné

_protein both in vitro and in vivo. Transient transfection assays demonstrated that p44 increased

AR transcriptional activity in an androgen-dependent manner. P44 forms a multiproten

complex that enhanced AR-dependent transcription in a cell free transcriptional system.

A novel cofactor complex functlons as an AR coactlvator Increaéing numbers of
cofactors have been 1nd1cated in the function of AR (22, 24) They are 1dent1ﬁed through thelr

physical interactions w1th AR and enhanced or repressed AR-mediated transcnptlon in vivo.

~ Our attempt to isolate the AR-associated proteins from stable cell lines resulted in the

identiﬁcation of p44. P44 and p44-containing complex enhenced AR-dependent transcription m

~ vivo and in vitro, respectxvely The proteln sequence of p44 is 1dentlcal to that ofa component :

(MEPSO) of the methylosome (18) and a subunit (WD45) of the SMN complex, (34). The

- methylosome complex contains PRMTS/JBPI, pICIn, and Sm proteins and medlates the
- assembly of spliceosomal snRNP (17). MEP50 is'irnportant for methylosome activity and binds

to PRMTS/JBP1 and to a subset of Sm proteins (18). SMN is part of a complex contains the Sm

proteins and PRMTS and necessary and_sufﬁcient for assembly of UsnRNA (35>,' 48). The

methylosome and SMN complexes were isolated from the cytoplasm of HeLa’celis, and the

p44-containing complex was purified from the HeLa nuclear extract (17, 35). ‘Thus, p44 may

form distinct complexes with different pfoteine in the cytoplasm and in the nucleus for different
roles (transcription versus splicing/translocation). The apparent size of MEPSO (above that of
the 45-kDa bovine serum albumin) revealed by SDS-PAGE (17, 1 8) is larger than that of p44 |
and WD45 (below that of the 45-kDa bovine serum alburnin), indioating that posttrkanslational '

modifications may exist in MEP50.
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PRMTS is present within the p44-containing c_om_plex. Two types of PRMT activities
. have been identified in mammalian eells (59). PRMT1, PRMT2, and PRMT4/CARM1 hatfe
been found to'participate in miclear receptor tran's‘cr_iptional aetivation (43,. 49, 51). The
‘methylation-of histones 'H3 and H4 by PRMTI and PRMT4/CARIMI eorrelates with
' transcrlptional activation, suggesting that they act by modifylng chromatm structure. More
recently, PRMTS5 was identified as a corepressor of cychn El transcription (i6) Forced
expression of PRMTS negatively affected cychn El promoter act1v1ty, which required the
methyltransferase actmty of PRMTS (16). In contrast, our results demonstrate that PRMTS isa
positive AR‘ cofactor that functlons in a methyltransferase act1v1ty-1ndependent ‘manner in
transient transfection assay. Since the reporter gene in the transient transfection is likely not
well packaged into chromatin we cannot rule outthe involveme'nt of the'methyltransferalse
. ;activity of PRMTS in AR .function on the genes integrated in .chromatin.‘ ‘Similarly, -P.RMT.Z
_\‘;'vas identified as a methyltransferase based on the protein secjuence kand .functioned‘ as a positive .
cofactor for estrogen receptor oc, but so‘fvar its methyltransferase activity has not been'identiﬁed
with substrates including histones and- estrogen reeeptor o (43). The enhancement of AR-
' dependent transcription by PRMTS might result from activation domains existing within’
PRMTS protein or from the structural role of PRMTS required for assembhng the p44 contamlg
cofactor complex The former poss;bihty is not supported by that fact that no activation was

observed when PRMTS5 was tethered to DNA through the DNA-bmdmg domam of GAL4 (data

not shown).

P44 is overexpressed in prostate cancerT The observation that certain cofactors are
abnormally e‘xpressed in some prostate cancers indicates the importance of nuclear receptor |

cofactors in transcriptional control of AR function and also points to their'po'ssible role in
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neoplastic conversion (28). Overexpression of p44 in prostate cancer tissues indicates that it

may play an important role in prostate tumorigenesis and there is well documented evidence

that abnormal NKX3.1 expression is involved in prostate tumorigenesis. Our fuhding that p44

 interacts with both NKX3.1 and AR suggestsythat. it might play a role in coregulating these two

‘pathways.

" In summary, our fesults point to a nbvel éofactor c‘dmplex in thé régulation of AR-
dependent trahscription; ‘AR is an ir-nIIJ'o-rtant feguiatory factor in the dévelopment,'
differéntiation, and maintenance Qf male .reproducfive functions, as wéll és in thé regulation of
other sexuaily dimofpilic proééssés rangivng. from'the development of neural tissues ‘tow_fhe

modulation of immune function. Thus, the p44-containing complex may play a pivotal role in

these biological processes by modulating thé transcriptional a_ctivity of AR.




Hosohata et al. ‘ ' i ' : o - 23

ACKNOWLEDGMENTS

‘We thank Ann Sutton for her critical editorial review and Loia’ Lqpez for eXper_t assiétance
ifx the preparation éf the manusv,cript.' This work was suppor_ted 1n Vpa'rt by U.s. Depaﬁr_nerit of
the Army grant DAMSl7—01-1-0097,‘ CaP CURE, .Cancer Center Supp_ort Core grant CA16672,
SPORE in Présfate Cancer grant CA90‘270 from the National Cancer Institute, Natioﬁél |

Institutes of Health. . |




\\\\5 .

Hosohata et al. _ ' . ’ . - 24

REFERENCES

Aarnisalb, P.,J.J. Palvimd, and O. A. Janne. 1998. CREB-binding protein in
“androgen receptor-medlated 51gna11ng Proc Natl Acad Sci U S A 95:2122-7.
‘Abdulkadir, S. A., J. A. Magee, T.J. Peters, Z. Kaleem, C.K.N aughton P. A.

- Humphrey, and J Mllbrandt 2002. Conditional loss of Nkx3.1 in adult mice induces

prostatlc mtraeplthehal neop1a51a Mol Cell Biol 22: 1495 503.

‘Alen, P., F. Claessens, G. YVerhoeven, W. Rombauts, and B. Peeters. 1999. The

androgen receptor amino-terminal domain plays a key role in p160 coactivator-stimulated

gene transcription. Mol Cell Biol 19:6085-97.

‘Bentel, J. M., and W. D. Tilley. 1996..Androgen rec;:ptors in pfostate cancer.J -

Endocrinol 151:1-11.
Berger, S. L. 1999. Gene activation by hist_one and factor acetyltransferases. Curr Opin

Cell Biol 11:336-41.

‘Berrevoets, C. A., P. Doesburg, K. Steketee, J. Trapman, and A. O. Brinkma'nn;
. 1998. Functional interactions of the AF-2 activation domain core region of the human

-androgen receptor with the amino-terminal domain and with the transcriptional

coactivator TIF2 (transcriptional intérmediary factor2). Mol Endocrinol 12:1172-83.

_ Bhatia-Gaur, R., A. A. Donjacour, P. J. Sciavolino, M. Kim, N. Desai, P. Young, C;

R. Norton, T. Gridley, R. D. Cardiff, G. R. Cunha, C.b Abate-Shen, ahd M. M. Shen.

~1999. Roles for Nkx3.1 in prostate development and cancer. Genes Dev 13:966-77.

Bowen, C., L. Bubendorf, H. J. Voeller, R. Slack, N. Willi, G. Sauter, T. C. Gasser,

P. Koivisto, E. E. Lvack, J. Kononen,' 0. P; Kallioniemi, and E. P. Gelmann.. 2000.




Hosohataetal. _ _ v S T 25

- 10.

11.

12.

13.

14.

15.

Loss of NKX371 ex_pression in human prostate cancers correlates with tumor progreSSion.
Cancer Res 60: 6111 5.

Brinkmann, A. O L J Blok, P E. de Ruiter, P Doesburg, K Steketee, C. A.
Berrevoets, and J. Trapman. 1999. Mechanisms of androgen receptor actwatlon and
function. J Sterord Brochern Mol Biol 69: 307 13. |

Chen, H., R. J. Lin, W. Xie, D. Wilpitz, and R. M. Evans 1999 Regulatlon of

hormone 1nduced histone hyperacetylatron and gene activation via acetylatron of an

acetylase. Cell 98:675-86.

Choi, C. Y., Y. H. Kim, H. J. Kwon., and Y. Kim. 1999. The homeodomain protein"-' -

NK-3 recruits Groucho and a histone deacetylase complex to repress transcription. J Biol

Chem 274:33194-7.

Cillo, C., A. Falella, M. Cantile, and E. Boncinelli. 1999. Homeobox genes and cancer.

~ Exp Cell Res 248:1-9.

Claessens,F P. Alen, A. Devos,B Peeters, G. Verhoeven, and W Rombauts. 1996

The androgen specific probasin response element 2 1nteracts dlfferentrally with androgen

and glucocorticoid receptors. J Biol Chem 27 1:19013-6.

Cleutjens, K. B., C. C van Eekelen, H. A.van der Korput, A 0. Brinkmann, and J.
Trapman. 1996. Two androgen resnonse regions cooperate in steroid hormorre regulated'
activity of the prostate-specific antigen pro'moter. J Biol Chem 271:6379-88.

De Vhs, P., F. Claessens, B. Peeters, W. Rombauts, W Heyns, and G. Verhoeven. -»
1993. Interaeﬁon of androgen and glueocortic-oid receptor DNA-binding d_ornains with

their response elements. Mol Cell Endocrinol 90:R11-6. V




v

16.

17.

18.

| 19.‘_

20.
2L
22.

23.

‘Hosohataetal. _ : S o . 26

Fabbrizio, E., S. El Messaoudi, J. Polanowska, C. Paul J.R. Cook, J. H. Lee, V. e
Negre, M. Rousset S. Pestka, A.Le Cam, and C. Sardet. 2002. Negatlve regulatlon of
transcnpnon by the type I argmme methyltransferase PRMTS. EMBO Rep 3:641-5.

Friesen, W. J., S. Paushkln, A. Wyece, S. Massenet, G.S. Pesmdls, G. Van Duyne, J.

Rappsilber, M. Mann, and G. Dreyfuss. 2001. The methylosome, a 20S compiex

containing JBP1 and pICln, produces dimethylarginine-modiﬁed Sm proteins. Mol Cell

Biol 21:8289-300.

Friesen, W. J;, A. Wyce, S. Pausl_hk‘in', L. Abel, J. Réppsilber, M Mann, and G. »‘ .
Dreyfuss. 2002 A nevel WD 'r'epeat protein _component of the rﬁethylesome binds Sm -
protems JBlol Chem 277:8243-7. | |
Gehring, W J., M. Affolter, and T. Burglm 1994 Homeodomam protelns Annu Rev
Biochem 63:487- 526 '

Gelmann E. P. 2002. Molecular blology of the androgen receptor J Clin Onco]

20: 3001- 15

Gu, W., and R. G. Roeder. 1997. Activation of p53 sequence-specific DNA binding by

acetylation of the p53 C-terminal domain. Cell 90:595-606.

Heinlein, C. A., and C. Chang. 2002. Androgee receptor (AR) coregulators: an
overview. Endocr Rev 23:175-200. | |

Ikohen, T,J.J . Palvimo, and O A. Janne. 199‘7.‘ Interaction between the amin_d- and
carboxyl-terminal regions of the rat androgen receptor modulates 'transeriptional activity‘

and is influenced by nuclear receptor coactivators. J Biol Chem 272:29821-8. "




24.
25.

26.

27.

28

| .
30,
|
|

31.

Hosohata et al. ' ' . ' ) | | ., » . : 27

Janne, O. A, A. M. Moilanen,-H. Poukka, N. Rouleau, U. Karvonen, N. Kotaja, M.

‘Hakli, and J. J. Palvimo. 2000. Androgen—reeeptor-interacting nuclear proteins.

Biochem Soc Trans 28:401-5.

Kim, M. J,R. D. Card'iff, N. Desai, W. A. Banach-Petrosky, R Parsons, M. M.

Shen, and C. Abate-Shen. 2002. CooperatiVity of Nkx3.1 and Pten loss of function na

mouse model of prostate carcinogenesis. Proc Natl Acad Scr 8] S A 99: 2884 9.

_ Klngston, R. E and G. J. Narlikar. 1999 ATP- dependent remodehng and acetyla’non

as regulators of chrornatm fluidity. Genes Dev 13:2339- 52

Kundu, T. K., Z. Wang, and R. G. Roeder. 1999. Human TFIIIC relieves ehromati'n#

mediated repression of RNA polymerase I transcription and contains an intrinsic

l‘ histone acetyltransferase activity. Mol Cell Biol 19:1605- 15

L, P, X, Yu,K Ge, J. Melamed R G. Roeder, andZ Wang 2002 Heterogeneous )
‘expression and funct1ons of androgen receptor co-factors in primary prostate eancer. Am |
g Pathol 161:1467-74. |

Ma, H., H. Hong, S. M. Huang,R A. Irvine, P. Webb, P J. Kushner,G A. Coetzee, .

and M. R. Stallcup 1999. Multlple s1gnal input and output domains of the 160- '_
kllodalton nuclear receptor coactivator proteins. Mol Cell Biol 19: 6164 73

Malik, S., and R G. Roeder. 2000. Transcnptmnal regulatlon through Medlator-hke
coactivators in yeast and metazoan cells. Trends Biochem Sci 25:277-83.

Martinez, E., V. B. Palhan, A. Tjernberg, E. S. Lymar, A. M. Gamper, T. K. Kundu,
B.T. Clrait, and.R. G. Roeder. 2001. Human STAGA complex is a chromatin-

acetylating transcription coactivator that interacts with pre-mRNA splicing and DNA

- damage-binding factors in vivo. Mol_Cell Biol 21:6782-95.




32.

33,

34,

35.
36.

37.

38.
39.

40.

Hosohataetal. - ' : o _ T 28

‘McKenna, N. J., and B. W. O'Malley. 2002. Co_mbinatofial control of gene expression |

by nuclear receptors and cofegulators. Cell 108:465-74.

"McKenna, N J., J. Xu, Z. Nawaz, S. Y. Tsai, M. J.‘Tséﬁ, and B W. O'Malley. ‘1999. '

Nuclear receptor coacfivators: multiple enzymes, rnultiple complexes, multiple functions.
J Steroid Biochem Mol Biol 69:3-12, |
Meister,‘G., C. Eggert, D. Buhlve»r', H. Brahms, C. Kambach, aod U. Fisoher.’2001.
Methylation of Sm proteins .by a complex containiog PRMTS .and the putative U snRNP

assembly factor pICln Curr BlOl 11: 1990 4.

: Melster, G and U Fischer. 2002, A531sted RNP assembly SMN and PRMTS -

‘ complexes cooperate in the formatlon of sphceosomal UsnRNPs Embo ] 21 5853- 63

Neely, K. E., and J. L. Workman 2002. The complexity of chromatin remodelmg and

1ts links to cancer. BlOChlm B1ophys Acta 1603 19- 29

’Ogryzko, V.V, T. Kotani, X. Zhang, R. L. Sehiltz, T. Howard, X. »J."Yang, B. H.

Howard, J. Qin, and Y. Nakatani. 1998. Histone-like TAFs within the PCAF histone

acetylase complex. Cell 94:35-44.

“Orlando, V. 2000. Mapping chromosomal proteins in vivo by formaldehyde-crosslinked- -

-chromatin immunoprecipitation. Trends Biochem Sci 25:99-104.

Orlando V., and R. Paro. 1993. Mapping Polycomb—repressed ‘d‘omains in tllle‘b.ithorax '
complex usmg in vivo formaldehyde Cross- hnked chromatin. Cell 75:1187-98.

Pollack, B. P, S. V. Kotenko, W. He, L.S. Izotova, B. L. Barnoskl, and S. Pestka.
1999. The human homologue of the yeast proteins Skb1 and Hsl7p interacts w1th Jak

kinases and contains protem methyltransferase act1v1ty J B101 Chem 274:31531-42.




Hosohata et al. I - - ' 29

41.

.

43.

44.

435.

46

Y

48

49.

Porter, A. T., A. C R.O.F, and E. Ben-Josef. 2001. Humoral mechanisms in prostate"

cancer: A role' for FSHl 6:13 1-138

“Prescott, J. L L. Blok, and D. J deall 1998. Isolatlon and androgen regulatlon of

the human homeobox cDNA, NKX3 1. Prostate 35: 71- 80
Qi, C.,J. Chang, Y. Zhu, A. V. Yeldan@i, S. M. Rao, and Y. J. Zhu. 2002.
Identification of protein arginine me_thyltrénsferése‘ 2 as a coactivator for estrogen

receptor alpha. J Biol Chem 277 :28624-30.

‘Roeder, R. G. 1998. Role of general and gene-specific cofactors in the regulation of

“eukaryotic transcription. Cold Spring Harb Symp Quaht Biol 63:201-18. -

Rdeder, R. G. 1996. The role of general initiation factors in transcription by RNA

polymerése II. Trends Biochem Sci 21:327-35.

~ Schneider, A., T. Brand, R. Zweigerdt, and H. Arnold. 2000. Targeted disruption of

the ka3 1 gene in mice results in morphogenetic defects of minor sallvary glands:

parallels to glandular duct morphogeneSIS in prostate Mech Dev 95:163-74.

Schuur,E R, G. A. Henderson,L A. Kmetec,J D. Mlller,H G. Lamparskl, and .

D. R. Henderson. 199_6. Prostate-spemﬁc antigen expression is regulated by an upstream
enhancer. J Biol Chem 271:7043-51.
Shen, E. C., M. F. Henry, V. H. Weiss, S. R. Valentini, P. A. Silver, and M. S. Lee.

1998. Arginine methylation facilitates the nuclear export of hnRNP proteins. Genes Dev

12:679-91.

Stallcup, M. R., D. Chen, S. S. Koh, H. Ma, Y. H. Lee, H. Li, B. T. Schurtef, and D.

W. Aswad. 2000. Co-operation betwe_en protein-acetylating and prote‘in-lmethylating co-

activators in transcriptional activation. Biochem Soc Trans 28:415-8.




]

- 50.

51.

53.

54.

P

55.

56.

57.

-52.

-~ Hosohata et al. ' » . - _ o v 30’

Steadmah, D. J., D. Giuffrida, and E. P. Gelmann. 2000. DNA—binding éequence of
the Human prostate—spe(:iﬁe homeodomain protein NKX3.1. Nueleic Acids Res 28:2389-
95. | | | o
Wang, H., Z. | Q. Huaﬁg, L. Xia, Q. Feng, H. Erdjument;Bromege, B. D. Strahl, S. D
Briggs, C. D. Allis, J. Wong, P. Tempst and Y. Zhang 2001 Methylatlon of hlstone

H4 at argmme 3 facilitating transcnptmnal activation by nuclear hormone receptor.

-Science 293:853-7.

- Wang, Q., D. Sharma, Y. Ren, and J. D. Fondell. 2002. A coregﬁlatory role’for the

TRAP/Mediatof complex in androge»r'l reeeptor mediated gene .expression[] Biol Chem.
Wang, Z., and R. G. Roeder. 1998. DNA topoieoherase Iand PC4 can intefaet w1th
human TFIIC to premote both accurate termination and transcriptien reinit‘i‘etiOn by - ;
RNA polymerase III. Mol Cell 1:749-57;;

Wang, i'Z., and R. G. Roeder. 1997. Three human RNA,pdlyrheraSe III-speeiﬁc sﬁbﬁhits
form a sﬁbcomplex with ébselec_tive function in specific transcfiption initiation. Genes‘ »

Dev 11:1315-26.

Xu, L., C. K. Glass,'and M. G; Rosenfeld. 1999. Coactivator and corepressor
v complexes in nuclear receptor function. Curr Opln Genet Dev 9:140- 7

. Xu, W., H. Chen, K. Du, H. Asahara, M. me,B M. Emerson,M Montmlny, andR

M. Evans. 2001. A transcriptional switch medlated by cofactor methylatlon. Science

294:2507-11.
Yu, X., P. Li, R. G. Roeder, and Z. Wang. 2001. Inhibition of androgen receptor-

mediated transcription by amino-terminal enhancer of split. Mol Cell Biol 21:4614-25.




o

x

Hosohata et al. | ’ : v _ v , - 31

58.  Zhang,J.,S. Zhang, P. E. Murtha, W. Zhu, s.s. Hou, and C. Y. Young. 1997. |
Idenfiﬁcétic;n bof tw6 novel 'ci.s-elvements in the promoter of the prostatg-speciﬁc ‘ar'ltige"n
‘genc that are required to enhance ‘andfégen' receptor-mediated frarisactivaﬁon. Nucleic
Acids Res 25:3143-50. | |

59.  Zhang, Y., and D.Reinberg. 2001. Traqscﬁption regulation by histo'né methylation:
interplay befween different covalent r_r;odiﬁcation's of the core histone tails. Genes De.v :

15:2343-60.




v

Hosohata et al. o o _ ‘ : 32

FIGURE LEGEND
FIG. 1. Effects of affinity-purified f:AR-cofactor complexes on transcription in a system -
reconstituted with purified factors. (Aj SDS-PAGE analysis of f:AR-cofactor complexes. Lanes ‘ A’ _
1 and 3 show AR-containing complexes immunopuriﬁed from. nuclear extracts made from a
’stably transfected, FLAG-tagged AR-expressmg LNCaP cell lme grown in the presence (lane 3)
~or absence (lane 1) of the synthetrc androgen R1881 (10 nM) The gel was stained with srlver

Bands correspondmg to FLAG tagged AR (f: AR) and to the polypeptrde spec1ﬁcally assocrated

) w1th AR are indicated by the arrows at left. ®) AR- and AR-cofactor-dependent transcrrptlon.

A synthetic template containing four‘ ARE elements (panel C) was transcribed in the system L

reconstituted w1th punﬁed factors (TFIIA, TFI1IB, TFllD TFIE, TFIIF Pol 11, and PC4) w1th '

vadditlons of the rAR and f AR-cofactor complexes described in panel A. The specrﬁcally | :

mitrated transcnpt is indicated by an arrow and was momtored by primer extensron The fold-

N\
\

activation relative to levels of transcription in the absence of rAR or f:AR complexes (lane 1) is

- indicated at the bottom of the panel (C) Diagram of the synthetic ARE-contammg template

The template (pARE-E4) contams four tandem copies of the ARE from the prostate-specrﬁc

antigen promoter posrtioned upstream of the adenov1rus E4 promoter

FIG. 2. P44 associates with NKX3.1 in ’the cytoplasm.‘ (A) SDS-PAGE analysis Of purified
fINKX 3.1-containing”complex. lmmunoprecipitation was performed with nuclear extracts (lane
3) and cytoplasmic extracts (lane 5) made froml a stably transfected, FLAG-tagged, NKX3.1R-
expressing cell line. Bands corresponding to FLAG-tagged NKX3.1 and polypeptides
specifically associated with N'KX3.1‘ (p44 and p170) are indicated by the arrows at right. The
specific association of these polypeptides with f:NKX3.1 is fnrther shown by the failure of -

similarly sized polypeptides in extracts from control cells (expressing f:SRC1) to bind to the
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affinity matrix (lanes 2 and 4). Lane | has standard moleeu_latr weight markers (Biokad). The
bottom panel is a western 'blot ainélysis -of the same ssmples with anti-FLAG monoclonal
antibody. The FLAG-tagged NKX3.1 is indicated by the arroW at right; B) Western blot
analysis of the f'AR-cornplexes with anti-p44 antibody. The band corresponding to p44 is
indicated by the arrow at right. Lane 1 contams 5 ul of nuclear extract made from LNCaP cells
(C) NKX3.1 partlally Tepresses AR-dependent gene expressmn and the over-expression of p44 |
relieves this repressmn PC3 cells were transfected wrth 100 ng of 4 x ARE E4- luc reporter
plasmld 30 ng of pcDNA—AR 60 ng of pcDNA NKX3.1, and 100 ng of p44 as 1nd1cated Cells

were grown in the presence of 100 nM R1881 for 48 h after transfectlon and then harveste“d for :

luciferase activity assays. -

: FIG. 3. Northern blot analysis of p44 expression. The membrane in the top panel was probed |
k'\with 32P_labeled p44 cDNA, and the bottom panel shows the same membrane probed with **P-

labeld B-Actin cDNA.

FIG. 4.. P44 specifically .enhances AR-mediated vtran'scriptton in vivo. (A) P44 enhanced AR, ,_
GR, and PR-mediated transcription PC3 cel‘ls.were‘ transfected with 100 ng of 4 x ARE- 3x
ERE-, or 2 x TRE E4-luc reporter plasmld 30 ng of pcDNA- AR -GR, -PR, -ER or -TR, and
indicated amounts of pcDNA -p44 ‘expression plasmld Cells were grown in the absence or’
presence of 10 nM R1881, 10 nM dexamethasone, 10 nM progesterone, 1 uM estradiol, or 10 |
nM T3 for 48 h after transfection énd then harvested for luciferase activity assays. (B) P44

selectively affected AR-mediated luciferase gene expression from different promoters. PC3 cells

" were transfected with 100 ng of MMTV-, probasin-, or PSA(I)-luc reporter plasmid, 30 ng of

pcDNA-AR, and 150 ng of pcDNA-p44 expression plasmid, as indicated. Cells were grown in .




-_vf

[ 3

Hoschataetal. ' : ‘ o o . 34_ )

the presence of 10 nM R1881 for 48 h after transfection and then harvested for luciferase activity |

assays.

FIG. 5. P44-containing ccmplex enhances AR-driven transCription. (A) p44 interacts directly

~ with AR and NKX3.1. GST-p44 fusion protein express_ed in bacteria was immobilized on "

glutathione agarose beads. Beads were incubafed with *°S-labeled AR (lar‘le‘s 1-9) of NKX3.1
(lanes 10-14) in BClSQ-O.l% NP40 (lanes 2, 3, 6, 7, 11, and 1_2)V or BC3OQ-0.1% NP40'.(1anes 4, |
58,9, .13 and 14) in the absence (ianes 2-5 10-14) or fresence (left panel; lanes 6,—9) of 50 nM lb

R1881 for 2 hat4°C. After washing with the incubation buffer, the beads were boiled w1th SDS

sample buffer and subjected to SDS-PAGE followed by autoradlography (B) SDS PAGE

Aanaly51s of purlﬁed p44 and p44- contalmng complexes Lane 2 shows recombmant p44 |

expressed in bacteria and purified on an N1—NTA agarose afﬁmty column; lanes 4 and 5 show

\_p44-containing complexes immunopunﬁed from nuclear extracts made from a stably transfected,

FLAG-tagged, p44-expressing HeLa cell line and immunoprecipitate from extracts made from

| _ccntrol cells (not expressing f:p44), respectively. The gels were stained with Coomassie blue

- R250. - Bands corresponding to p44 or FLAG-tagged p44 (f:p44) afe indicated by the arrows at

right. Polypeptides specifically associated with p44 are indicated by short lines at the right (lane

- 6). Lanes 1 and 3 are standard molecular weight markers (Bio-Rad). Lanes 7 and 8 show a
- Western blot analysis of the immunoprecipitate isolated from p44-expression cells (lane 7) and

" control cells (lane 8) using asti-PRMTS and anti-pICln antibodies. (C) The p44-containing

complex enhances AR-dependent transcription. A synthetic template pARE-E4 was transcribed
in the system reconstituted with purified factors (TFIIA, TFIIB, TFIID, TFIIE, TFIIF, Pol II, and

PC4) with additions of rAR, p44, and the f:p44-containing complex described in panel A. The

-specifically initiated transcript is indicated by an arrow and was monitored by primer extension.
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D) P44 was recruited on the PSA promoter in .the presence of the androgen; LNCaf eells were v

grown in the absence (lanes.i and 4) or presence (lanes 1 and 3) of 1 nM R1881. ChIP assay B
was performed with antrgen-purlﬁed anti-AR (mlddle panel) or antr-p44 (bottom panel)
ant1bod1es The punﬁed protem—DNA Cross- hnks were reversed and the resultmg DNA was
amphﬁed by a PCR reaction with two specrﬁc primers derlved from promoter reglons of PSA
(lanes 1 and 2) or B- actln (lanes 3 and 4). The same set of PCR react1ons was performed wrth

chromatin DNA (Input) used for ChIP assay (top panel). :

FIG. 6. PRMTS5 synergizes with p44 to enhance AR-driven gene expression. PC3 cells were
transfected with. 100 ng of ARE-E4-luc reporter plasmid, 30 ng of pcDNA-AR; and indicated
amounts of pcDNA-p44 -PRMTS or -pICln’ expressron plasmid. Cells were grown in the

absence or presence of 10 nM R1881 for 48 h after transfectlon and then harvested for dual -

\.luc1ferase activity assay.

FIG. 7. (A) p44 physically interacted with PRMTS. The ¥S-labeled PRMTS incubated with the E

 indicated GST-fusion proteins. After wash, bound proteins were resolved by 10% SDS-PAGE

and visualized by autoradiograhpy. Lanes 1 iand 5 are 10% of the labeled PRMTS used in

binding reactions. (B) SDS-PAGE analysis of recombinant wild-type (lanes 2 and 3) and R368A

" mutant (lanes‘4 and 5) PRMTS expressed in bacteria and purified on an Ni-NTA agarosea'fﬁnity

column. The gel was stained with Coomassie blue R250. Lane 1; the standard molecular weighf
markers (Bio-Rad). (C) in vitro methyltransferase assay. The methyltransferase assay was
performedas described under “Materials and Methods”. Top panel, autoradiograhpy of the gel;
bottom panel, Coomassie Blue staining of the same gel.. Individual histones are indicated on the
left. (D) The methyltransferase activity is not required for PRMTS fdnt:tion on ARv-driven gene

expression. PC3 cells were transfected with 100 ng of 4 x ARE-E4-luc reporter plasmid, 30 ng
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of pcDNA -AR, and 150 ng of pcDNA-PRMTS or pcDNA-PRMTS(R368A) expressron plasmld |
as 1ndlcated Cells were grown in the presence of 10 nM R1881 for 48 h after transfectron and

then harvested for lu01ferase activity assays

FIG. 8. Enhaneed expression of p44 in prostate tumor tissues. (A) Four-micron;thick frozen
sections of prostate tissues were prepared and kept frozen until used The frozen tissue sections
were ﬁxed in 4% paraformaldehyde for 30 min, dehydrated w1th ethanol and hybrldlzed with |
antisense p44 RNA probes in vitro labeled with o’ PfUTP. The slides were first washed with
2x SSC at room temperature,vthen twice with 0.2X SSC at 45 °C for‘20 min. The slides were

exposured and evaluated using Nikon microscope with a digital camera interfaced to a computer.

(B) Quantitative data for the in situ hybridization analysis.
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